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1. INTRODUCTION {#jmv26041-sec-0010}
===============

Since the first case of the coronavirus disease‐2019 (COVID‐19) was found in Wuhan, China in December 2019, the disease has rapidly spread in the city of Wuhan, then to Hubei Province, China, and subsequently, across the world.[^1^](#jmv26041-bib-0001){ref-type="ref"} On 11 March 2020, the World Health Organization (WHO) declared COVID‐19 to be a pandemic. The swift spread of the virus is largely attributed to its stealthy transmissions for which infected patients may be asymptomatic or exhibit only flu‐like symptoms in the early stage. Undetected transmissions present a remarkable challenge for the containment of the virus and pose an appalling threat to the public health. To understand the drastically negative impacts of COVID‐19 on the public health, it is urgent to investigate key features pertinent to the disease: How severe is the transmission? How long is the incubation time of the disease on average? How many infections are asymptomatic? And ultimately, what is the case fatality rate?

To evaluate the severity of the virus spread, it is useful to estimate the *basic reproduction number* (denoted *R* ~0~), defined as the average number of cases generated by an infected individual in a population where everyone is susceptible to infection. If the basic reproduction number *R* ~0~ is larger than 1, the outbreak is regarded as self‐sustaining unless control measures are implemented to mitigate the transmission.[^2^](#jmv26041-bib-0002){ref-type="ref"} Defined as the time from the moment of exposure to the virus until signs and symptoms of COVID‐19 appear, the *incubation time* of a COVID‐19 infected patient provides a useful measure for the disease development. Knowing the average incubation time of the COVID‐19 patients is important for disease surveillance. To determine how deadly the COVID‐19 is, it is fundamental to evaluate the *case fatality rate* which is calculated as the ratio of the number of deaths from COVID‐19 to the number of infected cases.

Since the outbreak of the disease, a large body of research on COVID‐19 has been done and many articles have been published in scientific journals or shared on platforms such as bioRxir and medRxir. Simulations of the epidemic have been published under various assumptions to delineate hidden transmissions of the virus.[^2^](#jmv26041-bib-0002){ref-type="ref"} While estimates of those important quantities have been reported in the literature, those results are quite different and vary considerably from study to study. There has been a lack of consensus of those estimates because of serious concerns on the heterogeneity among the studies. Different studies have been carried out on different patients under different conditions, and different authors may make different model assumptions. Interpreting the available findings must be coupled with the associated features of the studies.

Moreover, COVID‐19 data contain substantial errors in that the number of confirmed cases is considerably under‐reported, which is attributed to two primary reasons. Insufficient test kits do not allow every potential patient with COVID‐19‐like symptoms to be tested, and there has been a good portion of asymptomatic COVID‐19 carriers who would never be tested and counted as confirmed cases. It is useful to understand the *asymptomatic infection rate*, defined as the ratio of the number of asymptomatic infections to the number of all infected cases.

To address these issues, we carry out a meta‐analysis to synthesize the reported estimates of the basic reproduction number, the average incubation time, and the case fatality rate as well as the asymptomatic rate in a rigorous way by factoring out the variabilities associated with the relevant studies. To accommodate the effects of missing asymptomatic infections on calculating the case fatality rate, we further perform a sensitivity analysis for the estimation of the case fatality rate. Our study provides a comprehensive evaluation of key measures of COVID‐19 by taking into account of the heterogeneity and measurement error effects which are intrinsically associated with COVID‐19 data. Our results offer sensible estimates of the clinical features of COVID‐19 to enhance the understanding of the disease.

2. METHOD OF DATA COLLECTION {#jmv26041-sec-0020}
============================

2.1. Search strategy and selection criteria {#jmv26041-sec-0030}
-------------------------------------------

The third author (YZ) conducted a literature screening for the articles published between 24 January 2020 and 31 March 2020 by using online databases, including PubMed, Web of Science, Google Scholar, and the official websites of core scientific and biomedical journals including *Science, Nature, The Lancet, The New England Journal of Medicine*, and *The Journal of American Medical Association*, as well as some preprint platforms such as BioRxiv and MedRxir, with search terms specified as COVID‐19, SARS‐CoV‐2, 2019‐nCov, and novel coronavirus. Forty‐three articles were found with the theme on the basic reproduction number, the incubation period, the percentage of asymptomatic cases, and the case fatality rate. Among those articles, 20 articles, described in Table [1](#jmv26041-tbl-0001){ref-type="table"}, were identified by the first author (WH) to be included in the analysis, together with Serra[^3^](#jmv26041-bib-0003){ref-type="ref"} and Day,[^4^](#jmv26041-bib-0004){ref-type="ref"} which were found on April 2. The inclusion criteria are the availability of both point estimates and 95% confidence intervals (95% CIs) (or equivalently, standard deviations) for the basic transmission number, the average incubation time, the asymptomatic rate, or the case fatality rate.

###### 

Descriptions of the articles included in the analysis

                                                             Date                              Cohort                                                       Basic reproduction number   Average incubation time   Case fatality rate   Asmptomatic Infection Rate
  ---------------------------------------------------------- --------------------------------- ------------------------------------------------------------ --------------------------- ------------------------- -------------------- ----------------------------
  Tian et al[^5^](#jmv26041-bib-0005){ref-type="ref"}        31 Dec 2019‐19 Feb 2020           Chinawide                                                    Yes                         Yes                                            
  Li et al[^6^](#jmv26041-bib-0006){ref-type="ref"}          Up to 22 Jan 2020                 425 Confirmed cases in Wuhan                                 Yes                         Yes                                            
  Imai et al[^2^](#jmv26041-bib-0002){ref-type="ref"}        Up to 18 Jan 2020                 4000 Total cases in Wuhan                                    Yes                                                                        
  Read et al[^7^](#jmv26041-bib-0007){ref-type="ref"}        Up to 21 Jan, 2020                Worldwide                                                    Yes                                                                        
  Liu et al[^8^](#jmv26041-bib-0008){ref-type="ref"}         Up to 7 Feb 2020                  Chinawide                                                    Yes                                                                        
  Backer et al[^9^](#jmv26041-bib-0009){ref-type="ref"}      20‐28 Jan 2020                    88 Wuhan travelers                                                                       Yes                                            
  Shen et al[^10^](#jmv26041-bib-0010){ref-type="ref"}       Up to 22 Jan 2020                 Chinawide                                                    Yes                                                                        
  Wu et al[^11^](#jmv26041-bib-0011){ref-type="ref"}         Up to 29 Feb 2020                 Wuhan, China                                                 Yes                                                   Yes                  
  Baud et al[^12^](#jmv26041-bib-0012){ref-type="ref"}       Up to 1 Mar 2020                  Worldwide                                                                                                          Yes                  
  Jiang et al[^13^](#jmv26041-bib-0013){ref-type="ref"}      Up to 8 Feb 2020                  50 Confirmed cases in Wuhan                                                              Yes                                            
  Ruan[^14^](#jmv26041-bib-0014){ref-type="ref"}             Up to 21 Mar 2020                 Chinawide                                                                                                          Yes                  
  Verity et al[^15^](#jmv26041-bib-0015){ref-type="ref"}     4 Jan‐24 Feb 2020                 Outside Hubei province, China                                                                                      Yes                  
  Lauer et al[^16^](#jmv26041-bib-0016){ref-type="ref"}      Up to 24 Feb 2020                 Mainly about China                                                                       Yes                                            
  Sun et al[^17^](#jmv26041-bib-0017){ref-type="ref"}        A meta‐analysis with 10 studies   50 466 Total cases in China                                                                                        Yes                  
  Li et al[^18^](#jmv26041-bib-0018){ref-type="ref"}         Dec 2019‐Feb 2020                 China                                                                                                              Yes                  
  Wang et al[^19^](#jmv26041-bib-0019){ref-type="ref"}       Up to 27 Feb 2020                 Worldwide                                                                                                          Yes                  
  Nishiura et al[^20^](#jmv26041-bib-0020){ref-type="ref"}   Up to 6 Feb                       565 Japanese nationals evacuated from Wuha                                                                         Yes                  
  Kimball et al[^21^](#jmv26041-bib-0021){ref-type="ref"}    13‐20 Mar 2020                    13 Long‐term care residents in King County, Washington                                                             Yes                  
  Song et al[^22^](#jmv26041-bib-0022){ref-type="ref"}       Followed‐up until 6 Mar 2020      Retrospective single‐center study in Daofu county, Sichuan                                                         Yes                  
  Mizumoto et al[^23^](#jmv26041-bib-0023){ref-type="ref"}   Up to 21 Feb 2020                 3711 People on board the Diamond Princess cruise ship                                                              Yes                  
  Serra[^3^](#jmv26041-bib-0003){ref-type="ref"}             02 Apr 2020                       Northern Italy, 60 volunteer blood donors                                                                          Yes                  
  Day[^4^](#jmv26041-bib-0004){ref-type="ref"}               01 Apr 2020                       166 New infections                                                                                                                      
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2.2. Data extraction and analysis {#jmv26041-sec-0040}
---------------------------------

Table [1](#jmv26041-tbl-0001){ref-type="table"} presents the summary information of the selected articles together with the descriptions of the data used in those articles. We extract the results for the basic reproduction number from[^2^](#jmv26041-bib-0002){ref-type="ref"}, [^5^](#jmv26041-bib-0005){ref-type="ref"}, [^8^](#jmv26041-bib-0008){ref-type="ref"}, [^10^](#jmv26041-bib-0010){ref-type="ref"}, [^11^](#jmv26041-bib-0011){ref-type="ref"} and the results for the average incubation time from.[^5^](#jmv26041-bib-0005){ref-type="ref"}, [^6^](#jmv26041-bib-0006){ref-type="ref"}, [^9^](#jmv26041-bib-0009){ref-type="ref"}, [^13^](#jmv26041-bib-0013){ref-type="ref"}, [^16^](#jmv26041-bib-0016){ref-type="ref"} The results from[^3^](#jmv26041-bib-0003){ref-type="ref"}, [^4^](#jmv26041-bib-0004){ref-type="ref"}, [^20^](#jmv26041-bib-0020){ref-type="ref"}, [^21^](#jmv26041-bib-0021){ref-type="ref"}, [^23^](#jmv26041-bib-0023){ref-type="ref"} are extracted for estimation of the asymptomatic infection rate. The estimates for the case fatality rate together with their 95% CIs are taken from.[^11^](#jmv26041-bib-0011){ref-type="ref"}, [^12^](#jmv26041-bib-0012){ref-type="ref"}, [^14^](#jmv26041-bib-0014){ref-type="ref"}, [^15^](#jmv26041-bib-0015){ref-type="ref"}, [^17^](#jmv26041-bib-0017){ref-type="ref"}, [^19^](#jmv26041-bib-0019){ref-type="ref"} In the articles,[^6^](#jmv26041-bib-0006){ref-type="ref"}, [^7^](#jmv26041-bib-0007){ref-type="ref"}, [^9^](#jmv26041-bib-0009){ref-type="ref"} the reported 95% CIs were asymmetric which we suspect were caused by employing a transformation (such as the exponential transformation) to the initial CIs for the reparameterized effective size; for example, some authors may apply the logarithm to reparameterize the basic reproduction number or the average incubation time before performing the analysis. Using the inverse transformation, we convert the reported asymmetric CIs and work out the associated standard deviations which are used in determining the weights for the meta‐analysis.

3. META‐ANALYSIS {#jmv26041-sec-0050}
================

3.1. Method {#jmv26041-sec-0060}
-----------

As shown in the top panel of Figures [1](#jmv26041-fig-0001){ref-type="fig"}, [2](#jmv26041-fig-0002){ref-type="fig"}, [3](#jmv26041-fig-0003){ref-type="fig"}, [4](#jmv26041-fig-0004){ref-type="fig"}, estimates of the basic reproduction number, the mean incubation time, the asymptomatic infection rate, and the case fatality rate are quite different from study to study. To obtain synthetic results, we perform a meta‐analysis to aggregate the information from multiple studies with the same estimand (or *effect size* of interest) yet different features including the differences in the data collection, the sample size, and the conditions. Suppose *K* studies report an estimate and the associate standard deviation for an effect size of interest. For the *i*th study with *i* = 1, *..., K*, let *Y* ~*i*~ denote the *effect size* of interest and let *σ* ~*i*~ ^2^ represent its associated variance estimate. In our analysis here, *Y* ~*i*~ is taken as the basic reproduction number, the average incubation time, the asymptomatic infection rate, and the case fatality rate, respectively. We calculate a weighted average of the results from those *K* studies under either the fixed effect model or the random effects model.[^24^](#jmv26041-bib-0024){ref-type="ref"}

![Meta‐analysis of the basic reproduction number together with the reported results in seven different studies. CI, confidence interval](JMV-9999-na-g001){#jmv26041-fig-0001}

![Meta‐analysis of the mean incubation time (in day) together with the reported estimates in five different studies. CI, confidence interval](JMV-9999-na-g002){#jmv26041-fig-0002}

![Meta‐analysis of estimating the asymptomatic infection rate together with the reported results in six different studies. CI, confidence interval](JMV-9999-na-g003){#jmv26041-fig-0003}

![Meta‐analysis of the case fatality rate (in percent) together with the results reported in seven different studies. CI, confidence interval](JMV-9999-na-g004){#jmv26041-fig-0004}

Under the fixed effect model, the meta mean effect size is given by $$Y_{\text{meta},F} = \frac{\sum_{i = 1}^{K}{w_{i}Y_{i}}}{\sum_{i = 1}^{K}w_{i}},$$and the associated standard deviation is $$\text{sd}{(Y_{\text{meta},F})} = \sqrt{\frac{1}{\sum_{i = 1}^{K}w_{i}}},$$where *w* ~*i*~ = 1*/σ* ~*i*~ ^2^ is the weight for the *i*th study.

With the random effects model, the meta mean effect size, denoted *Y* ~meta,*R*~, and its standard deviation, denoted sd(*Y* ~meta,*R*~), are determined by the same expression as Equations ([1](#jmv26041-disp-0001){ref-type="disp-formula"}) and ([2](#jmv26041-disp-0002){ref-type="disp-formula"}) except for replacing the weight *w* ~*i*~ with a new weight $w_{i}^{\ast} = 1/{({\sigma_{i}^{2} + T^{2}})}$, where $$\begin{array}{lll}
T^{2} & = & {\frac{Q - K + 1}{W}\ \text{with}\ Q = \sum\limits_{i = 1}^{K}{w_{i}Y_{i}^{2}} - \frac{{({\sum_{i = 1}^{K}w_{i}Y_{i}})}^{2}}{\sum_{i = 1}^{K}w_{i}}\ \text{and}\ W} \\
 & = & {\sum\limits_{i = 1}^{K}w_{i} - \frac{{({\sum_{i = 1}^{K}w_{i}})}^{2}}{\sum_{i = 1}^{K}w_{i}}.} \\
\end{array}$$

To determine whether the fixed effect model or the random effects model is suitable for the meta‐analysis, we calculate the *I* ^2^ index,[^25^](#jmv26041-bib-0025){ref-type="ref"} defined as $$I^{2} = \left( \frac{Q - \left( K - 1 \right)}{Q} \right)100/\%.$$

Consistent with,[^18^](#jmv26041-bib-0018){ref-type="ref"} we take the fixed effect model if *I* ^2^ \< 50%, and the random effects model otherwise. In displaying the meta‐analysis results, we use the R package *forestplot*.[^26^](#jmv26041-bib-0026){ref-type="ref"}

3.2. Basic reproduction number {#jmv26041-sec-0070}
------------------------------

The top panel of Figure [1](#jmv26041-fig-0001){ref-type="fig"} shows the results for the basic production number reported in the seven studies. The *I* ^2^ index for those studies is 97.8%, suggesting that the random effect model should be considered in conducting the meta‐analysis. This result agrees with the perception that the basic reproduction number is time‐dependent and varies from place to place.

The bottom panel of Figure [1](#jmv26041-fig-0001){ref-type="fig"} includes the meta‐analysis results. The meta estimate of the basic reproduction number is 3.15, suggesting that a virus carrier may infect at least three individuals on average if preventive measures such as social distancing or quarantine are not applied to the public. This estimate is obtained from the data before 29 February 2020 where most data are collected from Wuhan city or other places in China. As more studies on the basic reproduction number become available for different places at different time periods, we can apply the same meta‐analysis procedure to estimate the basic reproduction number to reflect its changes with the implementation of various measures to curb the virus spread in different regions.

3.3. Average incubation time {#jmv26041-sec-0080}
----------------------------

To estimate the average of the incubation time for infections, we study the results reported in the five articles summarized in the top panel of Figure [2](#jmv26041-fig-0002){ref-type="fig"}. The *I* ^2^ index is 28%, showing that the fixed effect model is suitable when conducting the meta‐analysis. While the incubation time differs from patient to patient, varying between 1 and 14 days, as reported by European Centre for Disease Prevention and Control (ECDC),[^27^](#jmv26041-bib-0027){ref-type="ref"} it is feasible to take their average time to be a fixed quantity.

The bottom panel of Figure [2](#jmv26041-fig-0002){ref-type="fig"} reports the meta‐analysis results for the average incubation time of COVID‐19. It shows that the mean incubation time is 5.08 days, with 95% CIs being about 4.77 to 5.39 days. This estimated average incubation time is about 2 days shorter than the mean incubation time of 7 days announced by ECDC.[^27^](#jmv26041-bib-0027){ref-type="ref"} We point out that our estimate is obtained by combining the information from those studies before 24 February 2020 with study subjects in Wuhan city or other places in China.

3.4. Asymptomatic infection rate {#jmv26041-sec-0090}
--------------------------------

In the top panel of Figure [3](#jmv26041-fig-0003){ref-type="fig"}, we display the estimates of the asymptomatic infection rate reported by.[^3^](#jmv26041-bib-0003){ref-type="ref"}, [^4^](#jmv26041-bib-0004){ref-type="ref"}, [^20^](#jmv26041-bib-0020){ref-type="ref"}, [^21^](#jmv26041-bib-0021){ref-type="ref"}, [^23^](#jmv26041-bib-0023){ref-type="ref"} It is clear that those studies provided very different estimates of the asymptomatic infection rate, varying from 17.9% to 78.3%. Such a heterogeneity of the studies is confirmed by the *I* ^2^ index which is 98%. Thus, we take the random effects model when conducting the meta‐analysis. We report the results at the bottom panel of Figure [3](#jmv26041-fig-0003){ref-type="fig"}. Our analysis suggests that the combined asymptomatic infection rate is 46% with the 95% CI ranging from 18.4% to 73.6%. This estimate is derived from the information up to 2 April 2020 reported by the six studies which include worldwide individuals.

3.5. Case fatality rate {#jmv26041-sec-0100}
-----------------------

Finally, we are interested in estimating the case fatality rate which measures how deadly COVID‐19 is for the infected people. The meta‐analysis results derived from seven studies available in the literature, shown in the top panel of Figure [4](#jmv26041-fig-0004){ref-type="fig"}, are reported at the bottom panel of Figure [4](#jmv26041-fig-0004){ref-type="fig"}, where we assume the random effect models because the *I* ^2^ index is 99.5%. The estimated case fatality rate is 3.34%, slightly smaller than 3.4%, the estimate reported on 3 March 2020 by the WHO.[^28^](#jmv26041-bib-0028){ref-type="ref"} The 95% CI suggests that the average case fatality rate can be as small as 2.18% and as large as 4.49%. These results are obtained from the data up to 21 March 2020 which contain five studies with subjects in China and two studies with worldwide subjects.

We comment that the *true* average case fatality rate is expected to be smaller than the estimate here, because the reported estimates of the case fatality rate in the literature were merely calculated as the ratio of the number of deaths from COVID‐19 to the number of *reported* confirmed infected cases, where the number of *reported* confirmed infected cases is typically under‐reported due to limited testing capacity and the exclusion of asymptomatic infections.

4. SENSITIVITY ANALYSIS {#jmv26041-sec-0110}
=======================

To better understand what the true case fatality rate may be, we further conduct two sensitivity studies. In the first study, we repeat the meta‐analysis of the case fatality rate in Section [3.5](#jmv26041-sec-0100){ref-type="sec"} by further including the results calculated from the data of the Princess Diamond cruise.[^29^](#jmv26041-bib-0029){ref-type="ref"} This analysis is driven by the consideration that the case fatality rate derived from the cohort of the cruise passengers is highly likely to be accurate, because the number of confirmed cases from the cruise is very likely to be close to the true number of infections. The bottom of Figure [5](#jmv26041-fig-0005){ref-type="fig"} reports the meta‐analysis results obtained from the random effects model. With the inclusion of the results for the data of the Princess Diamond cruise, the weights of other seven studies become smaller than those in Figure [4](#jmv26041-fig-0004){ref-type="fig"}, as shown by the size of the squares in Figures [4](#jmv26041-fig-0004){ref-type="fig"} and [5](#jmv26041-fig-0005){ref-type="fig"}; and the estimate of the case fatality rate becomes smaller. The case fatality rate is estimated as 2.72% with the 95% CI (1.29%‐4.16%).

![Meta‐analysis of the case fatality rate (in percent) together with the results reported in seven different studies and the results from the Princess Diamond cruise. CI, confidence interval](JMV-9999-na-g005){#jmv26041-fig-0005}

In our second sensitivity analysis, we revise the results in Figure [4](#jmv26041-fig-0004){ref-type="fig"} by incorporating the information of asymptomatic cases. To see the adjustment, we let *D* represent the number of deaths caused from COVID‐19. Let *C* ~R~ denote the number of reported infected cases of COVID‐19, let *C* ~A~ stand for the number of the SARS‐Cov‐2 carriers who are asymptomatic, and let *C* be the total number of infected cases with the virus. Let *r* ~A~ = *C* ~A~/*C* be the ratio of asymptomatic infections to the true number of infections.

Let *p* ~R~ = *D*/*C* ~R~ be the *reported* case fatality rate and let *p* ~T~ = *D/C* be the *true* case fatality rate. If we assume that *C* = *C* ~R~ + *C* ~A~, then the *reported* case fatality rate and the *true* case fatality differ by the factor 1 − *r* ~A~: $$p_{T} = (1 - r_{A})p_{R}.$$

Estimates of the case fatality rate that have been reported in the current literature are merely directed to *p* ~R~ rather than *p* ~T~.

To sensibly estimate the *true* case fatality, we use Equation ([3](#jmv26041-disp-0005){ref-type="disp-formula"}) to adjust the reported results of the seven studies listed at the top panel of Figure [4](#jmv26041-fig-0004){ref-type="fig"}. Specifically, we may multiply the factor 1 − *r* ~A~ with an estimate for the reported rate *p* ~R~ as well as its standard deviation for each study and then run a meta‐analysis. However, the exact value of the asymptomatic infection rate is unavailable, and we only have its estimates from various studies displayed at the top panel of Figure [3](#jmv26041-fig-0003){ref-type="fig"}. To assess how the uncertainty of not knowing the true value of *r* ~A~, we use two ways to set a value for *r* ~A~ to modify the reported fatality rates for the studies listed at the top panel of Figure [4](#jmv26041-fig-0004){ref-type="fig"} for running a new meta‐analysis.

First, taking *r* ~A~ as one of seven reported estimates listed at the top panel of Figure [3](#jmv26041-fig-0003){ref-type="fig"}, we modify the reported results provided by each study listed at the top panel of Figure [4](#jmv26041-fig-0004){ref-type="fig"} using Equation ([3](#jmv26041-disp-0005){ref-type="disp-formula"}), and report the meta‐analysis results at the top panels of Figure [6](#jmv26041-fig-0006){ref-type="fig"}. In the second analysis, we take *r* ~A~ as the synthesized estimate reported in Figure [3](#jmv26041-fig-0003){ref-type="fig"}, that is, *r* ~A~ is set as 46%, and then run the meta‐analysis for these adjusted case fatality rates under the random effects model. We report the results at the bottom panel of Figure [6](#jmv26041-fig-0006){ref-type="fig"}, which shows that the estimate of the case fatality rate is 1.8% with the 95% CI ranging from 1.18% to 2.43%.

![Sensitivity analysis of estimating the case fatality rate with different asymptomatic rates accounted for. CI, confidence interval](JMV-9999-na-g006){#jmv26041-fig-0006}

5. DISCUSSION AND CONCLUSIONS {#jmv26041-sec-0120}
=============================

We carry out a meta‐analysis and sensitivity study for estimating the basic reproduction number, the average incubation time, the asymptomatic infection rate, and the case fatality rate for COVID‐19. Examining the published results between 24 January 2020 and 31 March 2020, together with two studies found on 2 April 2020, our study aggregates different results reported in the literature and provides synthetic estimates by addressing the heterogeneity present in different studies conducted at different times for different regions. Our study shows that the basic reproduction number is estimated to be 3.15 with the 95% CI (2.41‐3.90) and the average incubation time is 5.08 days with the 95% CI ranging from 4.77 days to 5.39 days. The asymptomatic infection rate is estimated to be 46% with the 95% CI (18.48%‐73.60%). While multiple studies reported estimates of the case fatality rate, those estimates are typically higher than the true case fatality rate under the same conditions, which is attributed to the fact that a good portion of asymptomatic infections are not counted when estimating the case fatality rate. Our sensitivity study addresses this important issue and makes an adjustment to provide a sensible estimate of the case fatality rate. Compared with the estimated 3.34% case fatality rate obtained from the meta‐analysis, our sensitivity study estimates the case fatality rate to be 1.8% with 95% CI (1.18%‐2.43%) where asymptomatic infections are accounted for.

Our studies reveal sensible estimates for the important quantities of COVID‐19 by accommodating discrepancy effects associated with different studies such as the variability of the data collected from different populations at different time periods. With the evolution of the pandemic, the basic production number can greatly reduce as a result of the implementation of active measures to mitigate the virus spread. The estimation of the case fatality rate may be closer to the true case fatality rate because of the increase of the test capacity; more infected cases may be detected so the reported number of infections would be closer to the true number of COVID‐19 carriers. Our results are useful in enhancing the knowledge of COVID‐19. Though we focus on evaluating the basic reproduction number, the average incubation time, the asymptomatic infection rate, and the case fatality rate, other features, such as the time from symptom onset to hospitalization or to death and the morbidity rate of the disease, are also important and they are worth being estimated in a sensible way.

The present investigations have limitations. Not all published results for the four measures are included in our study; we do not include those manuscripts which reported merely a point estimate without the associated standard deviation or a 95% CI, because they do not allow us to decide a proper weight for the inclusion of the result. While reporting a single estimate of the average incubation time and the case fatality rate gives us an easy way to assess the impact of COVID‐19, such measures marginalize the effects from the associated factors such as the disease severity, the patient\'s medical conditions, and age. With more studies available for categorizing the case fatality rate or the incubation time, it is useful to apply the meta‐analysis to estimate those measures by stratifying the population based on the demographic and clinical characteristics. When data at the individual level are available, better estimates of key features for COVID‐19 can be obtained and the pandemic trend can be more reasonably projected using statistical regression models. Finally, we emphasize that care should be taken when interpreting the estimates from the meta‐analysis and the sensitivity analyses here. A meaningful interpretation should be coupled with the associated features of the individual studies such as the time window, the study subjects, the study design, and different measures of controlling the virus spread by different countries.
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